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Sumrnav arid genera! dis~wssion Chapter &Ii 
Summary and general discussion 
Q u r n m ~ ~ y  a881 general liJ~&ckl~~~on Chapter 8 
The st~ud~es described In Lh~s thesis were desrgned to d11scnmlnaB beween the effeds ef 
corticosteroids and undernulrition on muscle funct~onlng, as detemlned by muscle mass, 
morphology and muscle metabal~sm. Our aim was to onvest~gate whether the metabolic 
pathways and ?he funGklonar1 and strwclural col7sequences of muscle wasting are comparable 
between these two sitwatlons. The cunent literature on this particular slublect reveals many 
urnclariioes and omlsslons. Firstly the results of our studies will be framed in perspectrve of 
the literature, thereafter the results reglarding the differentiation between cortocosterolds and 
undernwtrltuon wull be dl~scussed. 
8.2. EMFecils of ~ndern.~~fritIon an muscfi? mass, morpholagl)~, contm~ti!'iJluity and 
metaboSism 
In all "te studies repo~ded Iln the present thesis, it was shown that undernutrition resulted an 
muscle mass redulction of both peripheral skeletal and respiratory muscles. However un 
contrast tco d~aphragm muscle wwastrng, wastlng of peripheral skeletal muscles was less 
pronounced than body wasting. Pis mentioned in chapter 1, muscle wasting ef the diaphragm 
was accompanied by an overall fibre type atrophy pattern (I-5), wh~ch was confimed by our 
results in chapter 2 However in chapter 3, atrophy was limited ta type IlxlSb fibres u~ndler 
condit~ons of less severe and shorter undernutrition. 
As earher observed In m vjtra dia~p~hragm bundles after nutrl~tlonal dieprivation, existence of a 
decreased Btlgabillty (1-41, an increased ha~lfrelaxatlon time (13 and a leftward shift o i  the 
force-frequency curve was confirmed in chapter 2 (1, 2). In addition, am Increased tlme to 
paak tension was observed, which was not reported earl~er. Gansidera~ng the fact that the 
cross-sectuonal area of type I fibres IS relatively Increased In the diaphragm (chapter 2)(1), ~t 
is not siwrprlsing that h wfra dlalphragm datigalb~lity was decreased and that half-relaxat~on 
time and time to peak tension were increased Howewer, m sitw muscle contractility of 
dorsiflsxar mluscles showed only a redluced external work as a consequence of the 
dim~n~tshed muscle mass, while normal~lsed ;far muscle mass, no changes were observed 
(chapter 4). This could Imply different muscle atraphy palterns between the diaphragm 
muscle and the studied peripheral skeletal1 rnusclie Thns 1s however not Ilkely, since other 
stud~es have found s~rnilar effects of undernwtirlt~on on the dlaphragrn and peripheral skelletal 
muscles, l~ke a generaliised rnuscle fibre atrophy (1, 33. Therefore, other alterat~ons have to 
be considered, as muscle metabolism and also motor unit character~st~cs. 
lln our sludies muscle metabolism of both the d~aphragm a~nd perupheral skeletal muscles 
after chronl~ undernutrition was investigated. In chapter 4, IIW was conformed that glycogen 
levels in the peripheral skeletal muscle after wndernut~r~tion are decreased (6). However, 
ather studies allso showed alteratbans in muscle enzyme activ~~tles involved in carbohydrate 
end jboxldetnon (7, 8). In chapter 5 unchangad PFK, LDW, CS and HAD activ~ties were found1 
in the per~pheral skeletal muscle No muscle elnzysyrme act~~vut~es were measured in the 
dllaphragm Lactate concentrations were found to be un~ch~anged Iln the diaphragm after 
undernuir~tion, while in the perlplheral skelstal muscle an increased lactate level was 
obse~wed (data nat published), which was also reported by others (8, 9). 
In addition, muscle energy status was studied. Earlier studies obserwed decreased PCr 
levels asseciated with maintained PiAP levels in the peripheral skeletal muscle after 
irndernwlrltion (8-70) In chapter 3 as well, a decreased energy metabolism in the d~aphragm 
was found as shown by decreased PCr levels and lotai adenine nucleotides. However, a 
decreased duaphragrnal~c ATP concentretlon could also be demonstrated. This has net been 
reported before in the doaphrag~m. In addition, total creatlne pool was malntalned, suggest~ng 
the esta~blishment of a new metabolic equilibrium, with llower ATP an~d PCr levels. Thls was 
accompanled by an increased creatine carrcenlttahion. A s~mllar tendency was also observed 
earlier nn the gastrocnemius muscle (lo). Ths Increase could be caused by an increased Cr 
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and ATP prenductton From PGr in order 20 satlsiy the need for ATP 117 future reseat.& ~t would 
be interesting l a  mmpare muscle energy metaboiism after clndernutrltlon beween the 
peripheral skeletal ;muscle and the d~aphrag~m, snnw In contrast to the Fund~ngs sn the 
diaphragm muscle IN chapter 2, ATP levels were never found to be de~reased (8-10) end 
lactate levels were Increased IR peripheral skeletal muscles (8. 9). 
In order to obta~n more ~nsigrht in muscle amino acrd metabol~sm, lnuscle glwtam~ne 
metabolism was stu,drled In the peripheral skeletal muscle This condllionaily essent~al amino 
actd IS an Important nktrogen and anrumonha carner in interorgan rnstabol~am (11) Little 
unforrnation is available an muscle glutarnine metabol~rsm after cbronrc undernutr1"rlorr 
However, an rrncreased g~lutarnrne cancentration in the glastrocnem~ws rnuscia was 
demonstrated after 2 days of undernutritron (121, and confirmed in chapter 6 of this thesls 
Additionally, glutamirne efflux from the hindquarter was studied in chapter 6 and found to be 
increased, as well as grlulamine de nowo produclic~n and membrane transport rates. However 
in the diaphragm, unchanged intramuscular glutarnine levels welre found after undernwtrrtion 
and basal intramuscular glutamine levells were twice as brgrh ax in the gastrocnernius (data 
not published). This suggests different muscle glutamine metabolism between the diaphragm 
and the per~pheral skeletall muscle Further research en this phenomenon is needed 
It can be concluded firom these studues that mwscie wasting induced by undeIrnufrltian d ~ f f ~ r s  
between the peripheral skeletal muscle and the diaphragm Mare information coulrd be 
obtained in future research, studying simultaneously diaphlragm and peripheral skeleta! 
muscle energy metabolism. However, IN sho~uld be realised that amino acid and substrate 
fluxes cannot (yet) be studied across the diaphragm rnulscle 
8.3. Effects of c~@icast&ras on rnrrscfa mass, morphology, contmctilify and 
nnefab~llsm 
Intramuscular prednrsolone treatment in the studies d the present theslis did not result in a 
decrease in body and muscle mass (chapter 43 After lntramuscular or lntraperrtoneal 
prednisobne administration no body or muscle mass reductuon was reparted earller (1 3, 14). 
Reductions rn body and muscle mass were hawever obser~led after subcutaneous 
psediflisoEons admrn~stration ('15-'IS). The obsenved absence of muscle wastung after i.m 
pmdnisor'one treatment was accornlpansed by m~inor alterations in in s h  peripheral skeletal 
muscle contractility, as an increased recovery durrng a rest penod. This implies that m,wscle 
vvasiing is not related la  muscle recovery 
More struklng effects were found after tr~slmcrrrobne treatment. It was clearrly de~nonstrateld 
that Iriarnc/nolone treatment resulted in loss of body and muscle mass, Stnk~ngly, westr~ng of 
the t~bralr~s antenlor arid the gastrocnemius muscle was more pronounced than body wastin~g. 
This was also found earl~er after tnamcmeSons treatmen~t in the gastrocnemius (13, 18) 
Dlaphragm muscle mass was however decreased to a comparable extent tharn body mass 
(chapter 2+3) as observed earlier (1, 13, 19). In chapter 2, the effects oF muscle mass 
reduction en rnuscle fibre atrophy was described. Atrophy of type Ila and Ilxlb frbres ~n the 
diaphragm was found after O 5 rng Pr-krncmolone per kg body werght during 4 weeks dlher 
studies have reparted only type Ildb atrophy of the diaphragm afler a similar treatment ltpf 
Imamcrno/one of 6 weeks (1). Even after a shonter harncrnoEone treatment with a hrgher 
dose, both type I and l ldb fibre atrophy was observed (20) This variation In atrophy patterrn 
may be partiy caused by the cornpYialations of coflicosteroid treatment. During our study and 
that of Dekhuijzen and colleagues ~(l), many tnamcmolone-treated rats died, whrrla Petrol and 
coworkers 1/20) prevented co~icosterord-related pnewmarvva and reported no dealhs. It 13 
I~ke~ly that hlgh dose fvramcn~lolone treatment ~ndumd also ~nfedicrns (l~ke pneumonra), which 
may also affect the muscle atrophy pattern Anyway, II is clear that at least fibre Ilw'b atrophy 
occurred after t~larncsnoSone treatment. In chapter 3, we have found only type l ldb atrophy In 
the diaphragm aRer triarncmolone treatment with a lower dose and of slhairler duralton than In 
chapter 2. This was also supported by earlier studies (I, 13, 21 ). 
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The observed friamcho[o'one-indued atrophy of both vpe  Ria and llxrb Rbres resulted in a 
decreased in vfim diaphragm fatigability, an Increased haif-relaxat~on tsrne as weil as a 
leftward shiN of the force-frequenq reiationshlp (chapteflj, in accordance with earlier 
stud~es (Z, 13, 21). This muYd be the mnsequence of a relative increase in cross-sectional 
area of type 1 fibres. In addition, m sbtu muscle Function of peripheral skeletal muscles was 
studied The absolute external work was redumd, caused by muscle mass loss However, 
normalised for muscle mass, an increased exlema~l work was found. Furithermore, rnusclle 
fa~t~glue was diminished, in line with diaphragm in wjtro contractili.ayi and in contrast 20 hindlimb 
muscle fatigue after prednisohrre treatment (1 7). As discussed earlier, this decreased 
fall~gue oould be caused by a relative increase of type I fibfie cross-secActiionaI area, sinm type 
I fllbres are more fat~glue reslstanl Furthermore, during a 5 m~inub rest period in between the 
stimulation sessions. thamcrinobne rats fully recovered. This phenomenon was also found 
for the  preidnrisohne rats. 
Ferguson and coworkers (22) observed only in the diaphragm increased glycagen levels 
after cortisone treatment. However in this thesis, we found increased glycogen stores in the 
peripheral skeletal muscle both after tr~amc~ncoS6me and predsliso~one treatment. This 
rncreased muscle glymgen mnwntrat~on did not seem to be related to alterations un muscle 
Vwn~ction, except for the abovsmentloned Increased muscle recovelrqr. An increased glucose 
influx was observed In the hindquarter mluscles after triarnanolone treatment in chalpter 6,  
but data on glucose muscle influx after prednrsolone treatment are not yet awarlalble. Thls 
in~creased glucose muscle anflux is very s~urprisingly, since other studies have demonstrated 
a decreased glucose uptake by the muscle after dexam~ethasone treatment (23). However, 
the Increased glucose muscle Influx after Sri~mcinolone adm~n~stration could very well 
contribute to the increased muscle performance of the peripherai skeletal muscle. In 
addition, B11eu and colleagues (118) observed after pr@dn#so!one treatment, in the peripheral 
skeletal muscle a decreased PFK activity. However, we could not confirm changes in PFK 
actrvllty after pr@io'm~salons treatment in the peripheral skeletal muscle. After triamonofone 
treatment however, PFK activity was ~ncreased, In lrne with an increased glycolysis. In 
addition, oxidative capacib was also found to be in~creased after ts!amchou'on@ In contrast Yo 
predn~sobne. We furthermore confirmed for the diaphragm afler trjarncrsroEone treatment, the 
earlier observed increased intramuscular pyruvate and lactate levels after corticosteroid 
treatment (22, 241, su~ggesting allso in the diaphragm an increased glycollyss. The increased 
glycolysts could be related to the increased glucose influx. 
To the best of our knowledge, no data are available in literature on dlaphragrn muscle 
energy metiaboliisrn after tr~arnernolone treatment. We faulnd decreased levels of ATP, PCr 
and total adleniine nucleatides and creatlne pools (chapter 3), suggesting a metabolic 
impairment. This could be rellated to the observed increased gl~ycolys~s, but further research 
1s needad 
As rnent~aned earher, a disproportional loss of peripheral skeletal muscle mass to body mass 
was observed after triamc/nokne treatment Therefore muscle amino acid metabolism was 
stwdlled In the peripheral slkeletal muscle after trjamcinoirone treatment We demonstrated an 
increased intra~muscular glutamline concentration only after acluite triamcinalon~e treatment 
(chapter 161, in contrast to earlaer studies. A decreased intramuscular g~lutarnine concentration 
was found after caritioostero~d treatment in the peripheral skeletal muscle (24-271, except for 
the soleus (25). lntra~muscular amino acid concentrations by themsielves however, do not 
glive any infarmation about muscle uptake or release. Therefore, it is newssary ko study 
amino acid fluxes lncrelased glutamine and phenylelanin~e efflux from the hindquarter was 
observed in thas thesis aNer chronic thmcSnoSone treatment. This obserwation is in line with 
prewlously reported data (24, 27). This indicates net muscle degradat~on and metabolic 
stress. These effluxes were accompanied by an ancreased glutamate influx, as well as a 
decreased E C M  influx. Glutamate is probably a precursor for glutamine production, since 
gllutarnine de novo production was found to be increased. The decreased B C M  influx 
im~plies no precursor activity of the BCMs for gllutarnine production. In addition we 
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demonstrated fncreased giiuhmlne membrane transport rates in the muscle after 
S~amcinofone treatment. The latter finding as well as thle decreased BCAA influx were not 
repor-ted previously. 
The act~~on of oortlmsteroids is mediated by glucococarlico~d receptors Two functionally 
distinct receptor forms ct and p have been demonstrated In human tissues 1263) The f3 GR 
form IS considered as a dominant negatlwe un~h~bltor f the n form (28, 291). Several studies 
hawe shown that the a ER us downregulated in lung cells end peripheral lymphocytes after 
exposure to co~rdicoslteroids (30-32). However, little IS known about the autaregulation of the 
p form. In rats, no information IS aval~lable about the existence of the P GR i~n skeletal 
muscles In chapter 7, the presence of both the or and p glucocalrtimid receptor mRNA forms 
in the rat gastrocnemius muscle was described. These h a  GR forms were found to b s  
downregulated in the muscle even after mikicosteroid inhalation, suggestkng a systemic 
effect in the peripheral skeletal muscle after this local carticostero~d administration. lit is to be 
expected that similar effects could be found after systslm~c administration, but further 
research IS needed to study GR mRNA expressuon under these conditions. 
In conclusion, we observed different effects of prednisolone and Eriamchobne In an 
equipotent dose and simillar treatment, an muscle wasting, function and metabol~sm. Both 
cortlcosteraids were found to be associated with increased muscle glycogen concentrations 
and an ~ncreased recovery of the peripheral skeletal muscYe In between two stulmwiation 
sessions. In addition, we obsenved no muscle wasting and alterations in peripheral skeletal 
rnwscle performance and metabolism after prednisollonla treatment, TrfamchoiSane treatment 
however, was accompanied by rnwscle wasting of both the diaphragm and per~pherall 
skeletal muscles, associated with type Ildb atrophy of the diaphragm and a d~ecreased 
fatigability of the diaphragm and peripheral skeletal muscles. In addition an increased 
g~lycolytic and oxidative capacity was found. Furthermore, decreased ATP, PGr and total 
adenine nucleotides and creatlne pools were observed, suggesting metalbolic impairment 
Muscle protein metabolism was also d~slurbed, as indicated by an increased glutamine efflux 
from the m~uscle and an increased glutamine de now0 production and membrane transport 
rates. 
8.4. DEMerentia tion between corticosterolds and undernutJ.r'tion 
During our Rrst experiment it was shown that muscle wasting induced by triamcinolone 
treatment, was a col-hsequence of an increased energy sxpendlnuse not adelqwatelly restored 
'by d~etary intake, which takes us to the basic dufference between lnemcinolone treatment 
and nutrillanal depriwatron. Tr~amcinolone treatm~ent showed acwltely a temporarily anoraxla 
accompanied by hypermiatabolism, which was also found chronically, Therefore, o m  control 
group was matched for the temparan'ly diminished food intake and one for the dimrnlshed 
body mass Unfortunately, peripheral skeletall muscle mass reductuon was not proporliorral to 
body mass reduction and could not be controlled far 
After both lriarnci~nolane treatment alnd undemutritiorr, diaphragm mersclr? mass was reduced 
proportional to body mass redud~on. On the  other hand, peripheral skaletal muscle wasting 
aRer lriamcinolone treatment, was more pronounced than body wasting, Indicating a 
pronounmd catabolic response During nutritional depnwatioin, relatiwe sparing of the 
per~pheral skelletall muscle was obsewed This discrepancy In muscle wasting between these 
Ma treatments, IS also reflected by different atrophy parterms sf the dlaphragrn 
Trrarncinolone treatment caused type II fibre atrophy, yvhllle und~ernutrition caused a 
generalised atrophy of all fibre types. Both treatments resulted in a relative llncrease of type I 
fibre cross-sectional area of the diaphragm, wh~ch could be responsible for the decreased 
faltigability of the duaphrag~m bundle in wifro. Gather dlaphragm contractility characier~stics 
were also comparable between triarncinolone treatment and nutr~tional deprl~vat~on, like an 
increased half-relaxatron time and a leftward shin of the force-frequency rslationshl~p. 
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Cor%tracD~liZy of dorsiflexor h~lndiirnb muscles however, was not wmparabls between these 
Wo treatments as studied 11n chapter 4 WnderncplriXlon showed a dec~easerl fatigab~lityi and 
external work was actually not altered when nasmalised for mwscle mass, while 
trlancinolone treatment ~ h ~ v # e d  an ~ncreased fatigue resistantre and external work Probably 
muscle structure al~terat~ons cannot explain the dgserepanq In In s&w musclle perFomanw? 
beheen these! Wo treaiments 
Metabolite differences after Lr!amc~nolone treatment and undernwtritron have to be mnsidered 
as well. AS above mentioned, tsramanolone rats were hype~rglyeaemic and an lncreased 
glucose influx in the hindquarler muscles was obserwred. Undemlnlrll~on however, showed no 
altei-al~ons In glumse metabol~sm. It was even demonstrated that trianrcinollone treatment 
was associated ~11th increased in~tramu~scular glycogen levels, while undernuldtion was 
acmmpanied by decreased intramuscular glycogen wncentratians In chapter 5 ~i l  was 
shown that muscle enzyme activities of both glycalytrc and oxidative pathways were 
increased after trham~inolone treatment in contrast to undernutr~tron. These alteratians In 
muscle metabol~sm could very well expla~ln the ~~nclreased muscle peldormance per gram 
mwscle after Iriamclnalone treatment. 
The alterabons ~n muscle energy metabolism seem wrnparable between tr~amcinolone 
treatment and undernulril~on, as reflected by decreased ATIP and PCr levels and total 
adenine nwlcieotides However, the additionallly red~uced creatins pool and the lncreased 
pyrwvate and lactate levels ~n the muscle after triarncinollane treatmen~t in contrast to 
undernwtrition, suggest other mechan~isms for the decreased muscle energy status. The 
alterat~ans in muscle metabolism after tnamcinolane treatment clauld 11rnply metabolic 
impairment, wh~lle those after ln~ndernlntrilion imply a new metabolic equilibrium with lower 
ATP and PCr Isvels. 
Surprisingly, mwscle glutamline metabolism was almost comparable after tr~amcrnolone 
treatment and undernwtrition. Muscle wasting was accomlpanled by an ~nclreased glutamlne 
ids navo synthesis, membrane transport rates and glutamine efflux. These alteratnans were 
however, more pronaiwnced for the tr~arncinolone-l~reateld rats. 
In summary, despite several s~~rn~ilarilies n muscle structure, function and metabolism after 
triarncinallone treatment and under~nutntiion, soma alterations In muscle mstab~l~sm were 
triarmcin~alone specific. Tha most important diRerences weire the increased glucose flnflux, 
increased glycogen levels and increased glycolytic and oxidative capacnties after 
triamc~nolone treatment. These observed differences are impadant to consider in 'Ihe chorce 
of adequate lnterventlepns tc prevent rnuscle westing induced by triamclnolone or 
under~nutrition. 
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Weel ch~ranlsch zieke patidnten zoalls die met chronisch haflalen &HF), nierfalîen of 
obsti-uctiwe longziekten (COPP) zijn erg beperkt in hun dagel,ijks funldionewn. Dit is niet 
alleen hel gevolg van het slecht functioneren van het aangetaste orgaan maar spiemakte 
speelt hierbij ook een belangrijke rol. Bovendien krijgen weel van deze patignten chronisch 
cort~mstiei.o'iden toegediend, een medicijn wat antstekingsremmend werkt Een van de bij- 
effecten van cofti~steroïden is het optreden van spiemakte. Vender vertonen veel van 
deze patignten gewichtsverlies, wat ook kan bijdragen aan de spiemakte Aangezaein 
chronis~h cortimsferoïdgebrwik zelf kan leiden tot ondermeding, is het relevant om deze 
twee factoren te bestuderen in relatie tot spiedunctie. 
Spierfunctie wordt bepaald door de massa wan de spier, de opbouw (marfologie] eri door de 
biochemische processen die zich hierin afspelen (metabolisme}. Al deze componenten zijn 
lastig in patienten te bestuderen en daarom is gebruik gemaakt van een rattanmadel. Hierbij 
kunnen ook gemakkelijk intewenkies worden uitgevoerd en heit varstorende effect van de 
riekte kan worden u~itgesch~akeld. We hebben gekozen voor het gefluorideerde carticositeroïd 
triamcinolon. In dit mrticostero'id is een fluoridegroep ingebouwd, waardoor hei een 
ontsteking beter kan remmen, maar bovendien aok meerdere bij-effecten veroorzaakt zoals 
spiermassaverlies. De ratten die met tnamcinolon behandeld werden, werden vergeleken 
;mei een paarsgewijsgevoede groep, b r  correctie van de vermindisrd,e voedcelinname. 
Vervolgens werd een paarcgewijze-gewiehtsgr~ep geïntraeluceerd, aimdat het 
lichaamsgewicht van de met t~iarncinolon behandelde ratten sterker daalt dan alleen door de 
verminderde vaedselinname verklaard kan worden. Tenslotte werd een controlegroep 
gebruikt met een n o m l e  voedselinname, die diende als referentie waar normale 
onbehandelde ratten. Het diafragma (de middenrifspier) is de 'helangrijkcEie 
ademhalingsspier. De functie wan deze spier werd bestudeerd h vjbm (buiten de rat) zaals 
beschreven in hoofdstuk 2. Een bundel van het diafragma werd opgehangen Rn een 
weefsellbadje en gestimuleerd. Hierbil werd de spblrfuncille van de werschillende groepen 
vergeielken: Het Wiel op dat de paarsgewijze-gewichtsgroep en de met tria6icinolon 
behandelde graep tot dezelfde veranderingen in cxlntractiliteit van het diafragma leildden, 
zoals een vëminderde uermoeibaarheid Van de spier en een verlenging van de half- 
relaxatietijd na stamulatie. 
Een spierbundel Is opgebowiwd uit: verschillende spieruezsils die vewchilliancle engenschapperr 
bezitten. Type I wezels kunnen bfjwoorbeeld maar een kleline kracht opbouwen, maar rijn pas 
na lange tijd vermoeid. Type Ildb vezels kunnen veel kracht opbouwlen en zijn $nel 
vermoeid, tewijl de eigenschappen van type Ila vezels ertwssen~in liggon. Wanneer de 
spilewszels gekleurd en dwars daargesneden worden, kunnen dei verschillsnde venelQpes 
en hun oppervlakten worden bepaald. Dit werd gediaan in hst diafragma van de wer%clhîllende 
groiepen (hooMstuk 2) en w vonden dat het oppervlakte van type lla en IllxSb spiewezeila 
afgenomen was (atrofie) in de met Vrîamdnalon behandelde groep verge'leken met de 
cantralegroep. De paarsgewijze-gewichtsgroep vsrtoonde een wsrgelajktJaar beeld maar 
vertoonde ook type I vezel at~rtrfie. Na een behandeling met een lagera dosis trbamanaloni 
vertoonde het diafragma alleen type IlxSb ailrarfie (haofclstuk 3). Dit werd ook gevanden, 
holewel in mindere mate, na ondervoeding In de paarsgewijze-gewichtsgroep. Un geen enkele 
groep waren de spiervezels op een andere manier aangetast (myopathie) in het diafragma. 
Zoals eerder gezegd wordt de spierfundie ook bepaald door de biochemische kenmerken in 
de spier. Energierijke fosfaten, zoals adenosine hri- en difosfaat (ATP en ADP) en clreaitine 
fosfaat (CrP], leveren energi~e voor spiercontractie. Na tr~a~m~inlolonbehandeling en na 
ondervmding winden we eein daling van ATP, ATPSADR ratiia, tobie adenine nuc!eotiden. 
Samenvatting 
CrF) en CrPfCr ratio un het d~afragrn~ai [hoofdstuk 3) De mek tnamcrnolon behandelde ratten 
hadlden daarnaast ook nog een wealaaglde totale creatinepooi en een verhoogde cirinrentra6.e 
van eindsubstraten van de glywiQlyse (pyrulvaat en lactaat) Dit werd niet gevonden in de 
paarsgewijze-gewicht~groep~ maar deze had een verlaagde e~eatineconmntratie in het. 
diafragma Hieruit werd gjemncludeerd dat deze twee groepen met behulp van verschillende 
metabole routes leiden tot vergelijkbare veranderingen op hel niveau van energierijke 
fosfa~ten De osidewoede groep leidt lot een veriaagds energiestatus in de spier maas hewint 
hierbij een nieuw metabool evenwicht, tewijl de miet triamcinolon behandelde groep dit 
evenwicht niet kan vinden als gevolg van een verstoring tussen de glycolytisiche amwakrowte 
en het oxndatief metabolisme (de aaraakroute waar zuurstof voor nodig is). 
Zaals gezegd is in hoofdstuk 2 de functie wan het diafragma beschreven in vitro. In d~it model 
is de spierfunctie vaarnamelijk afhankelijk van de substraten die in de sper (en hel 
weefs~lbadje] aanwezig rijn. Hierbij speelt de spiemeselsamenstelling een belangrijke ml 
evenals de diffusie van clubstraten. Sn s2u spierfunctie (in de levende rat) ech~ter is ook nog 
afhankelijk van de bliaedloevoer en afvaer, die belaiingrijk is bij de aan- en afljroer van 
substraten en akralprodukten Daarom werd de spierfunctie in een rattendynamometer 
bestudeerd (hoofdstuk 4), wat Qsialogisch meer overeenkomt met een normale spierfunctie. 
Hierin werden de achterpootspieren bestudeerd van ratten behandeld met triarncinoilon en 
rnet predni~solon in een vergelijkbare cantstekongsremmende dosa. De met tnamcinolnn 
behandellde ratten werden daarnaast ook weer met een onde,woede groep vergelelke1-r 
Tijdens dit experiment ward een zenuw van de achterpootspieren gesti~muleerd tijdens twee 
sesçiies van 60 mn'rracties. Tijdens de eerste sessie daalde de externe arbeid van de met 
trierncunolon behandelde en de onderwoede ratten als gevolg van de daling in sprermassa. 
Wanneer de externe arbeid uitgedrukt werd per gram gestimuleerde spier, dan was de 
externe arbleid aan het begin van de sessie hoger voor de met triamcinolon behandelde 
ratten dan voor de met prednisolon beh~andeldle ratten. Verder daalde de externte arbeid het 
minst (dus miInder vermoeibaa~rheid werd geconstateerd) in de met triamcinolon behandelde 
ratten vergeleken met alle ander groepen. Prednisolanbehandeling en andlemoeding hadden 
geen effect op de externe arbeid (per gram gestimuleerde spier) tijdens de sessies. Het 
herstal in externe arbeid, tijdens de 5 minuten rust tussen de sessies in, was voor de rnet 
triamciinolon en predn~isolon behandeldle ratten natgenoeg volledig, in tegenstelling tot de 
ondervoede en controlegroep. Dit sou kunnen samenhangen rnet het verhoogde 
spierglycogeengehalte na trlarncinolcpn of prednisalonbehandsling. Verwolgens werden de 
ectuviteliten van enkele spierenzymen bestudeerd (hooMstuk 5) De fosfofructirskinase- 
rrcthwits~it (PFK een glycolytisch enzym) en de glycog,een synthetase (GS) activiteit waren 
verhaog~d in de met trlarncinolon behandelde groep, tewvijl er geen veranderingen waren in 
spierenzymaictiwlteitan in de met predlnisolan behandelde en de ondervoede groep 
Vergeleken met prednisolanbieRrendeIung en ondervoeding was ook de citraat-synthase- 
activileit (CS: enzym uilt de citroen~zuurcyclus) in de met tnamci~noloni behandellde giroepi 
toegenomen. In geen enkele groep was de activiteit van glycogeen fosforyllase (OP), 3- 
hydi'oxyecyl GaA dehydragenass (HAD: enzym uit de vetzuur Poxidatie) en lactaat 
dehydrogenase (LDH vaming ven mellksuwr) veranderd. Hieruit werd geconcludeerd dat de 
veranderingen in spierenzymadiviteiten coilticosteroid-type specilfiek zijn en onafhankelijk 
van de camenhan~glende ondenwoedingstoestand 
Tot nu toe hebben we alleen het kwlhydratenmi~itabollisme en de energierijke fosfaten 
bestu,deerd. Een spier bestaat grotendeels u~it eiwit, en we verwachten ook vera~nderingen op 
eiwitniveau na triam~inolontloediening~ Het metabolisme van gllutairnine, een belangrijk 
aminozuur tijdens stresssiiluaties, werd bestudeerd in de achterpoatspier (hoofdstuk 6). 
I-i~ierbij werd kortdurende (3 dagen) triamclnalon~behandeling, waarbij ook een ve~minderde 
voedselinname meespeelt, vergeleken met langdurigs behandeling ('I4 dagen). Drie dagen 
tfiamcinolonloediening leidde td verhoogde glutamine~oncen.iF-aties in de achterpootspier 
van de rat, en een verminderde in- en uitbouw vain glutamine in spiemiwit. Chronische 
triamsnoiontoediening leidde tab een verhoogde afgifte van glutamine uit de achft-rpoofspier, 
een verhoogde glwtamineproductre en verhoogde snelheden van tmnsporh van gUzltamine in 
en uil de spier. Chronische ondewoeding resulteerde in dezelfde veranderîngeirr, maar in een1 
mindere mate. 
In de voorafgaande studies ~ i j n  de corZiczrsPer~.rden telkens toegediend in de spier. Dit 
betekent dat ze in dIe bloedbaan terechtkomen en systemjsch effecten kunnen veroomaken 
in het hele lichaam. Bij patienten worden corticosteroïden waak iocaaii toegediend. 
bijvoorbeeld in de v o m  van inhalatiesteroiiden bij patiënten met ademhalingsstoornissen 
Die gliucocorticoïd receptor (GR) speelt een centm-ale rol tijdens de werking wen 
~orticostero'idde. Iln vemchiilende humane weefsels is messenger RNA van Wee functioneel 
verschillende glucocortilco'id relseptors, a en p gevonden. In de rat is de aanwezigheid wan de 
p GR vorm in slkeletspieren nog niet beschreven. Daarom hebben wij in de rat de expi"ecsle 
van de m en de p GR vorm in een perifere skeletspier bestudeerd, ook om na te gaan d er 
sycternische effecten na cortumstero'id Inhalatie optmden {hoofdstuk 7) Zowe! het mRNA 
van de a als de p GR worm werd gevonden in deze spier. Tenslotte worden de belang~rijkste 
resultaten van de studies samengevat en bedis~ussielerd in hoofdstuk 8. 
In heit algemeen zijn er redelijk wat overeenkomstige effecten op de spier gevonden na 
triamcinolonbehandeling en na ondervoeding, waaruit geconcludeerd zou kunnen worden 
dal ondervoeding deels veraniwoordelijk is voor de veranderingen na 
triemcinolonbehandeling. Er zijn echter aanwijzingen gevonden dat deze effecten door 
verschillende mechanismen veroorzaakt worden. Na tri~amcinolonbehandeUing is er sprake 
van een verhoogde g~lumseapname door de spier en verhoogde ~Uycogeenconcentratisc In 
de spier. Zowel de g~lycolytische als de oxidatieve capaciteit van de spier is verhoogd, maar 
de verhoogde lactaat- en pyruvaatwnmntraries duiden op leen versturing tussen deze hwae 
afbraakrouties. Prednisolonbehcandeling leidt in tegenstelling tot triamcinolonbehandeling nlet 
tot spiermassaverlies en metabole veranderingen. Om spierzwakte te voorkomen ibuj 
patignten die chlronisch behandeld worden met corticosteroïden. is het van belang om de 
oomaak van deze spiemakte te achterhalen en eventueel rekening te houden met het type 
cortimstero'id 
